measurements using a penetrating laser beam are limited in such high viscosity fluids due to light diffusion.
The purpose of this work is to demonstrate the benefit of a draft tube for effectively mixing viscous and complex fluids in a screw-agitated vessel using CFD simulations. In addition, it provides a solution for the determination of local values in such installations that cannot be obtained experimentally due to inherent difficulties. This paper presents the CFD simulation results for laminar Newtonian and non- 
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Power consumption
In the laminar flow regime, the power consumption of an agitator may be calculated by integration of the viscous dissipation over the entire volume of fluid in the vessel. This may be represented by the following volume integral :
( )
Newton's viscosity law for an incompressible fluid states that the shear stress τ is proportional to the 'rate of deformation tensor' or the shear rate Δ, with Cartesian co-ordinates Δ ij = (δv i /δx j ) + (δv j /δx i ): 
The dimensionless power number may be expressed by equation 5.
Power number -Reynolds number relationship and the Metzner and Otto constant
In the creeping flow regime, the typical 'power curve' (i.e. Po versus Re) for Newtonian fluids shows that the power number is inversely proportional to the Reynolds number. This can be expressed by the relation:
where A is a constant, being a function of the agitator type and the system geometry only.
For non-Newtonian fluids however, the Reynolds number is a function of the apparent viscosity μ a (and thus the flow behaviour index, n, and the consistency index, m), in the case where the rheological behaviour of the fluid can be correctly represented by a power law. Metzner and Otto (1957) characterised the fluid motion in the impeller region by an average shear rate which is linearly related to the rotational speed of the impeller:
k is Metzner and Otto constant which is characteristic for a given type of agitator and system geometry. 
INVESTGATED SYSTEM
The helical screw agitator is centred in a flat-bottomed cylindrical tank with diameter D=0.634m, and a liquid height, H=D. The diameter of the agitator is defined as a fraction of the tank diameter, d=0.64D, with a period equal to the diameter s=d. The draft tube has a diameter of d t =1.1D. Other geometrical parameters of the vessel are summarised in Table 1 and the schematic diagram is shown in Figure 1 .
CFD simulations have been performed for solutions of glucose, Carbopol-940 and Natrosol (hydroxy ethyl cellulose). The rheological properties for the simulated liquids have been taken from the literature 13, 14 and are given in Table 2 . The operating conditions for each simulation are tabulated in Table 3 .
CFD METHOD
The commercial CFD package FLUENT 5 was used to simulate the flow induced by the helical screw agitator. The configuration is represented 3-dimensionally using an unstructured tetrahedral mesh and the geometry of the impeller is shown in Figure 2 .
The CFD code was used to solve in Cartesian co-ordinates, the continuity and momentum equations for the laminar flow of Newtonian and non-Newtonian fluids. Resolution of the algebraic equations was carried out using the Semi-Implicit algorithm Pressure Linked Equation (SIMPLE) with a second order upwind discretisation scheme. The computations were performed on a Silicon Graphics ORIGIN 200 computer with a 225 MHz R10000 processor.
The vessel walls and bottom have been modelled with a no-slip boundary condition. The free liquid surface has been modelled with a no stress condition applied, and the draft tube and helical part of the agitator have been modelled with a zero thickness. The absence of baffles, and thus of rotor-stator interactions, has allowed the use of the rotating reference frame technique to simulate the entire nonsymmetrical geometry.
RESULTS AND DISCUSSION
Effect of grid size
To investigate the effect of grid size, the laminar flow of a Newtonian fluid has been solved using three 
Effect of the geometrical configuration on hydrodynamics
The effect of the geometry on the hydrodynamics of the vessel has been investigated, Figures 
Power consumption
To demonstrate the dependence of the constant A on the vessel geometry, the power number as a function of the Reynolds or apparent Reynolds number has been plotted on a logarithmic scale, Figure   9 . Table 6 . The CFD result obtained in this work is in excellent agreement with the experimental value found by Rieger and Novak (1973) . The large difference in the value of k found in this work and with that of Prokopec and Ulbrecht (1970) may by explained by the smaller d t /d ratio and different length screw used by the experimental prediction 19 .
The dependence of the circulation number on the Reynolds number is presented in Figure 12 . This graph shows that the circulation number is independent of Reynolds number in the laminar flow regime studied. This phenomenon agrees with the previously reported works 11, 14, 21, 22 . As the circulation number is a function of geometry only 21 , the dependence of the circulation number on the geometry is verified by comparing the values for the Newtonian system with a draft tube and that without. Without the draft tube, the circulation number is remarkably smaller than for the system with a draft tube, corresponding to the high circulation efficiency of the screw agitator with a draft tube. A reduction in the circulation number with a decrease in the flow behaviour index, n, has also been observed. This same behaviour has been reported in literature 14, 22 and has been explained by the damping of axial flow due to elastic anomalies of the liquid 14 . Table 6 Figure 1 : Schematic diagram of the vessel geometry with draft tube. Figure 12
CONCLUSIONS
